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Abstract

During the process of developing a new product, consciously or unconsciously, a number of decisions are made that affect the
environment, thus making a company responsible not only for the technical performance but also for the “environmental perform-
ance” of a product. This research paper broadly speaks about this development process and lists the various tools available to the
modern decision maker for balancing the ecological, economical and technological aspects of production.

The focus of this paper is on the environmental issues in the automobile industry and environmental impacts presently associated
with the automobile life cycle. The paper reviews existing tools and opportunities for reducing these burdens in the future through
decision-making by industry and other stakeholders.

The paper ends with a very latest example from the German automobile industry on the assumption that this automobile (SMART
from MCC AG), in the present context, is perhaps an outcome of a very vigorous development process where the impact of the
product outside the automobile sector was considere@000 Elsevier Science Ltd. All rights reserved.
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1. Preamble a decision taken today will have its effect for about a
guarter of a century. Maybe more, when one con-
During the process of developing a new product, con-  siders the long term repercussions of irresponsible
sciously or unconsciously, a number of decisions are disposal of waste (BMW, 1998).
made that affect the environment, thus making a com-
pany responsible not only for the technical performance It is true that of the products that are on the market
but also for the “environmental performance” of a pro- today many were not considered to be harmful to the
duct. environment when they were designed. On the other
Decision makers (managers and engineers) wouldhand, R&D staff have already done much — often
argue that it is extremely difficult to ascertain today unconsciously — for the environment. Electric ovens,
whether a product would be considered environmentally refrigerators and freezers today need about 30 percent
friendly in ten years’ time. Fig. 1 attempts to roughly less energy than 20 years ago; in many machines the
present a timeframe over which a decision is valid in power per kg of weight has been increased significantly,
different parts of the world depending on their econ- more precise machinery allows a more efficient use of
omic standard. materials, to quote just two examples (North, 1992).
In order to systematically consider the environmental
The German car-maker BMW offers a more concrete aspects, the R&D methodology has to balance the eco-
example of how long range the effects of a decision logical, economical and technological aspects of design
today are. It takes about 3—4 years to design a car andand production. It may be given the task to review and
it is manufactured over a period of 7—8 years. These further develop existing products and processes. This
vehicles would be in use for about 10-12 years. In all, concerns:

e the design;
* Corresponding author. Tek49-6131-392007+49-6131-393005.  ® the applied materials;
E-mail addresskhare@mail.uni-mainz.de (A. Khare) e the manufacturing process; and
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Fig. 1. Life of a decision taken today.

e the product's performance characteristics (e.g. part of R&D specifications. The use of renewable
energy consumption). materials and “clean technologies” is of importance in
all phases of the life cycle. The design of the product
This paper attempts to present environmental issuesshould be accompanied by the conception of the recyc-
in the automobile industry and environmental impacts ling procedure.
presently associated with the automobile life cycle. The Besides this environmental impact analysis on the pro-
paper reviews existing tools and opportunities for reduc- duct’s life cycle, a number of other analytical methods
ing these burdens in the future through decision-making can be carried out. An industrial engineering tool known
by industry and other stakeholders. asvalue analysisor value engineering(Wellenreuther,
1996) is also particularly suited to making better use of
materials and therefore saving not only money but also
2. Analysis of product life cycle natural resources. Value engineering analyses the func-
tions or “value” of each element of a product. As a
Fig. 2 outlines the research and development method-result, products are simplified and reduced to their essen-
ology for environment friendly products. The process tial parts.
starts with the setting up of R&D aims and tasks which
include a review of existing products and processes with
environment related criteria. It is at this stage that an 3. Specification for green products
attempt could be made to conceive new environment
benign products and processes. The next stage of R&D methodology deals with the
Once R&D’s aims and tasks have been defined, angeneration of specifications (requirements list), for both
analysis of the present system follows. This may com- products and processes. In such detailed lists the require-
prise the existing products of a company or may be ments a product or process has to fulfil must be spelled
extended to the products of competitors. It should start out for each phase of the life cycle. Minimum require-
with an environmental impact analysis for the product’'s ments are often defined by government regulations or
entire life cycle. It relates the total cycle of a product's the relevant national or international standards, e.g.,
life to the environmental impact caused in each phase.norms of the International Standards Organization, 1SO.
Traditionally, R&D staff have limited themselves to only Requirements to be given special attention are:
considering the phase of active use of product. It is only
recently that the whole life cycle of the products forms e avoidance of scarce, non-renewable materials;
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recycling of the product;

energy efficiency of the product;

avoidance of hazardous substances;

minimization of energy, water consumption and pol-
luting substances during the production process;

e durability of product.

4. New solutions

R&D methodology for environment friendly products (Based on North, 1992).

5. Evaluation and testing

Once the product and process alternatives have been
developed, they need to be evaluated to see if they really
meet the set specifications. Evaluation in this context
must consider the technical, ecological aspects along
with the economical aspects. Methods to help decision
makers to choose between alternative solutions are
Kosten-Wirksamkeitand Kosten-Nutzen-Analysé@ost
Benefit Analysis).

After such “green” specifications have been set, the 6. Implementation
core process of R&D work begins: the creation of new
ideas for products and processes. In the first stage — After a prototype or a pre-series have been success-
using brainstorming techniques — ideal solutions for a fully manufactured and tested in the R&D laboratories
given problem should be developed. From these sol-or workshops, the responsibility for implementation as
utions a number of real problem solutions are derived. well as measurement and control of performance will be

In order to develop environment-friendly products, handed over to Industrial Engineering or Production.
there is much to be learned from nature, which makes The after-sales services as, for example, the
the most effective use of its resources. The discipline, implementation of a recycling procedure, may be com-
known asbionics, incorporates principles or processes missioned to sales or a specialized engineering depart-
of nature into engineering. Bionics, for example, studies ment, or even a subcontractor. These arrangements, how-
the reasons why trees are so resistant to wind, how birdsever, depend largely on size and the organizational
fly, or how natural membranes function to clean water. structure of the enterprise.

The use of alternative materials and designs is a Apart from integrating environmental considerations
further potential to be explored by R&D staff. It is this into each step of the R&D methodology (Fig. 2), there
phase of creation that the manufacturing processes of theare other measures which can assist a company with
products under discussion should be roughly defined andinnovating products and processes faster than their com-
the resulting by-products analyzed. petitors, for example by:
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e shortening development cycles; terms of studies and projects conducted to examine the
¢ flexible research programs to keep up with the fast- life-cycle impacts of different materials, processes, and
changing agenda,; concepts in business practices. All automobile manufac-

e promoting creativity (e.g. by assigning environmen- turers are active in conducting internal Life-Cycle
tally committed staff to R&D project or by incorporat- Assessment (LCA) and are involved in ongoing cooper-
ing outside researchers or members of environmen-ative LCA projects in Europe (EUCAR) and the US
talist groups into R&D teams); (USCAR). They have launched “Design for the Environ-

® integrating an environment-related component into ment” training programs for product and manufacturing
existing company programs (e.g. quality and pro- engineers within their respective organizations and for
ductivity improvement programs, value their suppliers. To a lesser extent, manufacturers are
engineering); and active in environmental accounting.

e environment related information into R&D infor-
mation and design systems (for example, into Com-
puter Aided Design (CAD) systems). 8. The automobile life cycle

The life cycle of an automobile begins with concept

and design and concludes with retirement (end-of-life

7. The automobile industry scrapping); this section is a reflection on the total life
cycle of an automobile.

The automobile industry is the largest manufacturing  Today, a vehicle consists of approximately 15 000
enterprise in the world and is one of the most resource- parts. Steel, iron, glass, textiles, plastic, and non-ferrous
intensive industries of all major industrial systems. metal dominate automobile construction. They account
Further, the global automotive manufacturing is oligo- for more than 80% of the material used in today’'s
polistic in structure, dominated by a relatively small vehicles. A common trend in the material composition
number of large producers. of a car is toward increasing the use of light-weight

The awareness of the overall environmental impact in materials, especially numerous types of plastics and light
the automobile industry has been growing as Europeanmetal alloys (such as aluminum and magnesium).
and U.S. regulations, e.g. for vehicle emission, have The environmental impacts and concerns that arise
become more stringent. To rank the level of awarenessfrom the acquisition and processing of virgin resources
is difficult because different automobile companies lead that serve as input for automotive material include the
in different areas. Generally, the automobile industry as substantial consumption of resources (material and
a whole tends to work on similar issues, including energy). In addition, copious amounts of energy are con-
improving aerodynamic shapes and lowering weight. sumed in heating, cooling, and producing millions of
Manufacturing processes are also being cleaned up, withtons of steel, aluminum, plastic, and glass. Processing
special attention being given to the reduction of emis- these materials involves a variety of heavy metals, toxic
sions and material of concern. Procedures are now aimecchemicals, chlorinated solvents, and ozone depleting
at ensuring that factory waste is recovered for further chemicals. The largest contribution to non-hazardous
processing, and an increasing portion of R&D budgets waste among the life-cycle stages is mining waste (e.qg.
is being allocated to the development of alternative fuels, overburden) associated with energy generation and iron
and electric and hybrid vehicles. Vehicle manufacturers ore production. The residue from auto shredding oper-
are placing increasing emphasis on recycling, including: ations is the second largest contributor.
developing new technologies to facilitate the use of Beside the painting and coating operations, the metal
recycled materials; designing vehicles with recycling in casting operations are the main manufacturing oper-
mind; designing and specifying components that can beations where air emissions occur. More than half of all
made out of recycled materials; and increasing the usereleases and transfers of pollutants originate from the
of recycled materials. For better handling of end-of-life painting and coating operations. Furthermore, the paint
vehicles, European and U.S. auto-makers have built upshop is one of the main consumers of primary energy
cooperative partnerships to establish a recycling infra- within the manufacturing process along with iron cast-
structure, to set up pilot disassembly facilities, and to ing. The largest solid waste streams generated by an
develop disassembly manuals. Car manufacturers haveautomobile assembly plant are wastewater treatment
started stating explicit fuel economy targets for their sludges, waste oil, plant trash, and scrap metal.
vehicles and have set environmental standards for their The utilization of an automobile accounts for approxi-
service stations. mately 80% of the total primary energy consumption of

The awareness of Life-Cycle Management tools and the life cycle of an automobile. Most of the G@nd CO
approaches is growing among the European and the(CO production in a catalyst equipped car is relatively
American automobile industries. This is expressed in smaller) emissions are released during the utilization.
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VOC emission during the use of the automobile (e.g. approaches from academia, research institutes, and
exhaust and evaporation) is greater than that generatedndustry (Kuhndt, 1997).
in any other life-cycle stage. The second largest con-
tributor to VOC emission is automobile painting.
Besides the resource consumption when running a9. Life-Cycle Management
vehicle and the necessary infrastructure (e.g. highways,
service- and gas stations), the maintenance and service The development of Life-Cycle Management (LCM)
operations contribute significantly to the environmental strategies and principles was undertaken because other
effects of automobile use. strategies, for example, focusing on a single life-cycle
Environmental impacts in the scrapping stage consiststage, sometimes yield sub-optimal results. Reducing
of waste generated during different processes and energyenvironmental impacts at specific points in a product
depletion (or loss) resulting from these activities. The life, for example, reducing energy consumption in the
impact is strongly dependent on the material compo- usage phase, may be of little or negative value if other
sition of vehicles and the infrastructure in place to pro- changes also occur such as increasing energy consump-
cess the vehicles. The changing material content of auto-tion in manufacturing and recycling.
mobiles presents a difficult issue: on the one hand, LCM is broadly defined as:
greater use of light-weight material such as plastics
improves fuel efficiency and reduces air and/or exhaust® A framework to redesign product systems to reduce
emissions. On the other hand, design changes that overall environmental impacts.
increase the amount of plastics result in lower levels ® A decision-making activity by multiple stakeholders
of recyclability. in different stages of the life cycle of a product.
Opportunities for environmental improvement exist ® A framework that is based on information about pro-
during each life-cycle stage of an automobile. This paper duct life cycle (e.g. physical flows of mass and
suggests that the manufacturer focus on regulation, poli- energy, monetary flows).
cies, agreements, and process and design improvements
that influence either one stage or the entire life cycle. Industry and government can establish several types
For example, European and American regulations andof programs, partnerships, and policies that encourage
policies that impact different stakeholders in the auto- LCM as shown in Fig. 3.
mobile life cycle differ in numerous ways; examples are:  Decisions are reached by an iterative process involv-
ing various tools and resulting in action. They may be
® |n the US taxes on gasoline are considerably lower guided by concepts such as ‘“Industrial Ecology”
than in European countries. This results in much (Frosch, 1996), “Cleaner Production” (Rolfe et al.,
lower gasoline prices in the US than in any Euro- 1995), “Eco-Efficiency” (NRTEE, 1997; Schmidheiny
pean country. and Zorraquin, 1996), “The Natural Step” (Robert et al.,
e The USA relies on a regulation to discourage the 1995), and “Factor 10"
manufacture and sale of fuel-inefficient vehicles. It  To capture a broad picture, one can focus on some
introduced the Corporate Average Fuel Economy generic types of life cycle tools, including:
(CAFE) in 1975 requiring that producers of domestic
and imported cars achieve certain mandated average® analysis tools, such as Life-Cycle Assessment (LCA)

fuel-economy standards on a fleet-wide basis. and Life-Cycle Cost (LCC) tools that provide the
e Nearly all European countries have introduced “End-  environmental profile of product and process prioritiz-
of-Life Vehicle” (ELV) policies with targets for the ing areas for improvement, and on

increased reuse and recycling of ELV parts and ® improvement tools, such as Life-Cycle Design (LCD)

materials, and the reduction of waste disposed in land- tools that implement improvement throughout the

fills. In the United States no national and state legis- design methodology.

lation on ELV recycling or management has been

passed. During the past years, the automobile industry has

performed on its own or in cooperation with different

Significant changes in the material and process selec-parties (e.g. their suppliers, trade associations, univer-
tion and management are necessary to reduce the overasities, etc.) a number of Life Cycle Assessments to com-
environmental impact throughout the entire life cycle of pare materials (e.g. aluminum vs steel), processes (e.g.
an automobile. water-based painting vs. powder painting) and concepts

Fig. 3 summarizes programs, partnerships, and poli- (e.g. electric vehicle vs internal combustion vehicle).
cies that encourage life-cycle management; concepts andften the result of these studies do not show a clear
tools in various stages of development that can facilitate advantage of one over the other material, process, or
life-cycle; and various life-cycle management concept. Therefore, it might be more suitable to use these
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Fig. 3. Programs, partnerships and policies that encourage Life-Cycle Management.

results to develop optimization strategies for the ana- rently limit the application of LCA for each life-cycle
lyzed materials, processes, and concepts. stage.

Although significant progress has been made towards Therefore, a more integrated approach to selecting
standardizing LCA, results can still vary significantly. material and processes with minimal environmental
Such discrepancies can be attributed to differences inimpact should involve cooperative relationships between
system boundaries of different industries, rules for the different players in different life-cycle stages to cover
allocation of input and outputs between product systems,this data gap. Through a collaborative effort of suppliers,
data availability, and different conversion models for automobile manufacturers, and end-of-life managers and
translating inventory items to environmental impacts. based on LCA findings, LCC results and other infor-
Plus, one has to keep in mind not only the impact of the mation (e.g. reparability and durability), guidelines and
product, but also the after affects which are often felt checklists for life-cycle design (LCD) should be
in the sectors outside the primary industry (automobile developed. These guidelines and checklists will, then, be
industry in this case). available to design engineers at the manufacturer and

Life-Cycle Management is needed for all decision- at the supplier to optimize existing and new products
making processes in order to avoid shifting the burden and processes.
from one medium (for example, water consumption, pol- The idea can be presented broadly if one thinks of
lution, etc.) to another or one life-cycle stage to another. information sharing networks. Just like there are no
The compromises made cannot be evaluated or it cannoboundaries to the environmental problem, there would
be deducted that the action would have an impact onbe no boundaries to the information generating and shar-
another process up ahead or on another industry. Toing processes.
avoid tradeoffs in material and process selection, Unlike traditional cost management toolsfe-Cycle
decisions should be based on the results of studies usingCost tools(LCC tools) are arranged to register the costs

LCM tools. These results should include teaviron-
mental profile (e.g. resource-intensity, toxicity,
recyclability) andcost profile(internal and external cost)
of different materials throughout the life cycle.

The environmental profile can be analyzed with LCA,;
but to support LCM, the availability and quality of

of a product during all life-cycle stages. In this way, they
consider not only the direct production costs, but also
the indirect (environmental) costs during consumption
and disposal of a product. The LCC tools are, therefore,
able to optimize the total efficiency of a product. For
environmental aspects this is very important, because the

material, energy, solid waste, and emission data cur-level of the environmental costs are determined to a large
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extent in the design phase; in the consumption and dis-parts of the world, but not very popular as the consumers

posal stage, there are only small possibilities to influence often opt for ownership for financial flexibility and other

these costs. Unfortunately, because the current marketess tangible reasons. The second option is also not much

system does not reflect external costs, a design that mini-practiced and needs promotion. The reasons are not only

mizes the environmental burden may appear less attracteconomical but also intermingled with individual

ive than an environmentally inferior alternative. There- behavior patterns and social factors.

fore, industry will mainly optimize life-cycle costs with The government could focus atobal system optim-

the means of reducing direct and indirect costs. Govern-ization e.g.

ments can, then, complete this calculation and act on

behalf of the public through assessing the cost and bur-® providing alternative transportation modes that are

den to society. more efficient than the automobile (specially in terms
The design phase of products and processes presents of pricing, punctuality and reliability);

the greatest opportunity for applying LCM tools and, e providing infrastructure that reduces the demand for

therefore, should be a focal point for establishing part-  mobility by bringing living, shopping, and business

nerships. However, besides this, further stakeholder areas closer together (however, this issue in city-plan-

initiatives are necessary. Examples are: ning remains a debatable issue due to pros and cons

) ) ) ) of having everything at one place).

e Consumers have a major role in reducing the environ-
mental impacts associated with ownership and oper-complex manufactured products like an automobile do
ation. Governments, in partnership with automobile not offer straightforward opportunities for product-ori-
manufacturers, can launch more programs to educatéented assessments due to their direct and indirect impacts
customers, for example, in driving behavior and pro- on other sections of the economy. However, this product
per maintenance of the vehicle. _does have a good potential for life cycle-based improve-

* Automobile manufacturers should vigorously and sin- ments.  The  development of a  sustainable
cerely pursue goals and targets for future fuel con- (environmentally effective) automotive industry will
sumption of their vehicle fleet. depend on using the output of tools, such as life-cycle

* Automobile manufacturers should share responsibility gnalysis, life-cycle costing, and life-cycle design, to ana-
not only for the product (the car) itself, but also for |yze and to improve the management of resources. From
service-related issues (e.g. car care products). material selection through processing and fabrication to

* Suppliers, manufacturers, and government should recovery and recycling, working relationships, partner-
take responsibility for further development of alterna- ships among different stakeholders are necessary for
tive concepts, such as alternative vehicles, alternativerequcing the total environmental impact of producing

e Worldwide information generating and information

sharing networks and partnerships are necessary to
improve the situation in end-of-life management. 10. The Daimler-Benz example

A more sustainable automobile life cycle will also Daimler-Benz, one of Germany's leading car manu-
require re-thinking the whole value chain of the product facturers, has a’lttempted to address the environmental

system 5!”0.' envisioning how one can create new SEIVICES oncerns of the EC as well as that of others with the
with minimized environmental impact. If, for example,

the current common purchase of the product, “auto- "ev Micro Compact Car (MCC) AG (Daimler-Benz,
- P P ' - 1998). This has been widely welcomed. The story below
mobile”, were to be replaced by meeting the mobility : ; ; ;
. . is adapted from the Daimler-Benz's Environmental
needs through the more resource-saving variants .
; . . “Newsletter 7/98.1t is perhaps one of the most compre-
(reasonably priced and convenient modes of public

transport, for example), most stakeholders would look hef‘s"’e examples _today of a manufacturer moving out
! - . . of its own boundaries to provide the customers with an
for different means of providing services than is com-

mon today. For example, with suitable attitude changes eco-friendly solution for mobility.
y. For bi€, 98 August 1998, experts from the German Traffic
the automobile industry could focus on, e.qg.

Association selected the SMART (the name of the MCC
e eco-leasing and eco-rent, whereby the automobile isAG car) as the winner of the 1998 ecology check. The
no longer to be purchased by the consumer but rented€asons why the new city coupeas able to top the list

for usage over a certain period;
* car-sharing and car-pooling, whereby the automobile = Daimler Benz concedes in tHerivacy Statementhat there is a

industry sells mobility. possibility of some inaccuracies relating to technical data. The authors
) ] ] ) ) ] have also not questioned the accuracy as the intent of the paper is to
Incidentally, the first option is available today in some focus on the managerial and non-technical issues.
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of environmental automobiles included low pollutant system partners and providers of logistics services have
emissions, low fuel consumption and a comprehensive set up business premises in Smartville.

mobility concept. As a result, it has been possible to introduce an inter-
site environmental management system. All suppliers are
10.1. System concept listed in a basic manual for environmental protection.

This is the first time that such a measure has been
The city coupe Smart, has a fuel consumption of 4.8 implemented for an industrial estate. The success of the
liters per 100 kilometers, measured in a standard, three-specified environmental measures, which are obligatory
part mixture of urban cycle (city traffic) and constant for all parties, is checked regularly by a specially
speed operation (country and highway traffic). However, appointed work group.
the Smart is designed primarily for city traffic (where it Another task of this work group is to continuously
proves sufficient as a two-seater — on journeys to work, adapt the management system to changing environmen-
for example, cars only carry an average of 1.2 tal conditions and laws, and optimize related measures.
occupants). On city trips of this nature, the fuel con-  The just-in-time production concept alone makes it
sumption of the Smart is about 5.8 liters per 100 kilomet- profitable for suppliers to establish themselves directly
ers. With carbon-dioxide emissions of less than 120 on the production site in Smartville. Main modules such
grams per kilometer, its two gasoline engines (33 and as the chassis, axle assemblies and cockpit (instrument
40 kW) can be considered as particularly clean. clusters and dashboard assemblies) are assembled by the
Daimler-Benz, however, has not only addressed the system partners at their own workshops.
issues related to emissions and fuel consumption, but the These modules are transported via conveyor belts to
whole subject of environmental compatibility is con- the final assembly halls, thus eliminating the need for
sidered in its entirety keeping in mind the responsible long supply routes (Fig. 4):
attitude toward ecologically designed products. Whether
vehicle development, factory premises, vehicle pro- ® The Tridion passenger compartment cell and cockpit

duction, utilization or future recycling, environmental are connected together at the “engagement station”.
protection decisively influences all phases of product ® The car body, running gear, and drive unit are coupled
life cycle. at the “wedding station”.

Such an environmentally conscious approach evene The windows, roof and cockpit are added at the “fur-
played a role in the establishment of the factory premises  nishing house”.
in Hambach in Lorraine in 1996; for example, exclusion e Decorative elements and accessories are fitted in the
of environmentally harmful building materials. Con- “embellishment studio”.
struction workers were trained to separate waste pro-® Doors, hatches and bumpers are installed in the
ducts on a regular basis. This was not an easy task given “design shop”.
the cultural and language problems: 1000 workers from @ A short test run and various functional checks are per-
France, Portugal and Algeria were present on the con- formed in the “fithess studio”.
struction site, and Daimler-Benz did not stop at simply e After that, the vehicle is rolled into the quality shop
distributing brochures. A total of 300 tons of building for final inspection.
waste, hardware, concrete as well as material used for
facades and shells was separated rigorously. That is
equivalent to 60% of all building waste generated annu- 10.3. Easily recyclable design concept
ally by the company. All buildings are free of formal-
dehydes and CFCs, while the facades consist of a pane- The modular design of Smart allows each vehicle to
ling made of a raw material (Trespa) originating from be fully assembled in just 4.5 hours. The developers
European woods. Smartville is the name of the 70-hec- attached the highest priority to an easily recyclable
tare industrial estate (13 hectares of which consist of design. If an automobile can be assembled quickly, then
built-up land), which blends harmoniously with the Lor- conversely, it should be possible to dismantle it easily
raine countryside. An ecological landscaping concept too. This has been MCC’s approach from the beginning.
was prepared for this purpose with attention to the For example, the plastic paneling has a simple press-fit.
expansive green patches at the parking lot in front of the This also allows the colors of the Smart to be altered
factory gates, where young mirabelles, apples trees andjuickly by interchanging the body panels, should the

a diversity of meadow flowers grow. owner desire a different look.
An easily recyclable design also has other advantages,
10.2. Production concept such as materials that can be re-used. The tubes, covers

and interior fittings are made of materials like polyethyl-
The environment is enjoyed by roughly 1600 people, ene and polypropylene. Furthermore, only pure plastics
many of whom are not MCC employees. Roughly 12 (refers to plastics that are used in a way so that it is easy
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Fig. 4. The micro compact car AG from Daimler-Benz (Ref: http://www.daimler-benz.com).

to separate while dismantling and easy to recycle) and Together with regional transport authorities, plans

metals have been used. The joint sealings on the bodyhave been made to offer the Smart in conjunction with

and the underseal of the Smart are free of PVC. the related public transport facilities. “Smartmove tours”
The entire chassis of the vehicle is powder-painted. is currently being tested in several large cities. For

The compact design of the Smart allows the powder- instance, when train passengers arrive at their terminus,

based paint to be applied evenly. they could use their train tickets to cheaply rent a city
Priming is performed without lead. The subsequent car on-location. Airline passengers could use their flight

painting process does not involve the use of heavy met-ticket to book a Smart at their destination airport.

als like cadmium or chrome. In addition, no solvents are

emitted, nor are any special waste products such as painfl0.5. Recycling concept

sludge generated. Needless to say, excess powder is col-

lected and re-used. Hand in hand with the development of a Smart deal-
In order to save raw materials, recyclates are ership network, a “Smart Center Recycling” system will

employed in the production of the two-seater wherever be offered throughout Europe. This system is intended

possible. Accordingly, the interior paneling of the doors to allow the removal of residual material from the Smart

consists of 100% recyclates. With the total proportion center. Needless to say, this material is passed through

of recyclates as 15%, the Smart is 95% recyclable. a recycling process.
However, MCC'’s ecological product responsibility
10.4. Mobility concept extends even further: the modular design alone is a

guarantee that dismantling can be performed economi-

However, the easily recyclable design is not the only cally once the Smart’s service life is over. In this way,
aspect which led the jury of the German Traffic Associ- the modular concept allows the completion of material
ation to put this small car on top of its environmental list. utilization cycles.

What impressed the experts most of all, was the
mobility concept of the Smart. The “Smart plus” service 10.6. Summary
package offers drivers a pool of different types of
vehicles. For example, Avis offers economical terms for ~ With all these measures, MCC has been able to dem-
renting small vans in order to move house, or off-road onstrate an unprecedented degree of responsibility
vehicles to go on vacation. regarding the design and production of an environmen-
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tally compatible product. It is a feat in keeping with its

corporate philosophy and something that sets an exampIeR0

in the automobile industry.
The comprehensive nature of MCC’s environmental

U. Mildenberger, A. Khare / Technovation 20 (2000) 205-214

tion. Management Development Series No. 30, International Lab-
our Office, Geneva.

bert, K.H., Daly, H., Hawken, P., Holmberg, J., 1995. A Compass
for Sustainable Development. The Natural Step: Overview and Dis-
cussions. New Dimensions, Boston, US.

protection campaign ensures that the Smart, which wasRolfe, H., Legard, R., Christie, I.R., 1995. Cleaner Production in

developed in line with state-of-the-art technology, will

achieve the highest possible degree of environmental

compatibility both during and after its service life. With

its dynamic environmental management system, which

is continually undergoing improvement, MCC has laid
a cornerstone for environmentally friendly, individual
mobility.

The result is impressive. The Smart has a high recycl-
able content not only in the vehicle interior and exterior,
but also in technically complex sections such as the
cockpit, where a recyclate proportion of more than 10%

Industry: Integrating Business Goals and Environmental Manage-
ment. Brookings Institute, London.

Schmidheiny, S., Zorraquin, F., 1996. Financing change: The financial
community, eco-efficiency, and sustainable development. World
Business Council for Sustainable Development, WBCSD Cam-
bridge. MIT Press, MA.

Wellenreuther, H., 1996. Innovation mit Hilfe der Wertanalyse. In:
Staudt, E. (Ed.) Das Management von Innovationen. Frankfurter
Allgemeine Zeitung, Frankfurt, pp. 160-170. (in German).
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has been achieved. The use of identical thermo-plasticSYStem Theory (with special focus on System Dynamics). His doctoral

substances as well as easy dismantling ensure optima
recycling properties. This module also replaces 20 con-

ventionally  designed thus

additional resources.

components, saving
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